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ARC TUBEANDMANUFACTURINGMETHOD TBEREFOR

Field ofthe Tnventinn

The present invention relates to an arc tube serving as a light source, such as a

headlight ofa vehicle, and a manufacturing method therefor.

BACKGROUND OF TFTE TNVENTfON

5 Li recent years, arc tubes each ofwhich is capable of realizing a high brightness

have widely been used as light sources, for example, the headlights ofvehicles.

In general, an arc tube serving as a light source, such as a headlight ofa vehicle, as

shown in Fig. 5, incorporates a quartz glass arc-tube body 104 having pinch seal portions

104b formed on the two sides ofa light-emission tube 104a constituting a discharge space

10 102. Moreover, the arc tube incorporates a pair oftungsten electrodes 106 pinch-sealed

to the pinch seal portions 104b such that the leading ends ofthe tungsten electrodes 106

project into the discharge space 102.

The arc tube having the above-mentioned stmcture is arranged such that each of

the tungsten electrodes 106 is electrically polished to smooth the surface of each of the

15 tungsten electrodes 106 to obtain a predetermined discharge characteristic.

From a viewpoint ofpreventing occurrence ofa leak from the arc-tube body 104,

experiments conducted by the inventors ofthe present invention resulted in the following

fact. That is, the simple electrolytic polishing process which is performed in order to
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maintain the discharge characteristic cannot attain a satisfectory smcxjthness ofthe surfece

ofeach ofthe tungsten electrodes 106.

When the surfece ofeach ofthe tungsten electrodes 106 has some roughness, the

tungsten electrodes 106 and the pinch seal portions 104b are engaged to each other with

5 great pits and projections, as shown in Fig. 6, after the tungsten electrodes 106 have been

pinch-sealed to the pinch seal portions 104b. Therefore, excessively large compressive

stress is maintained in a re^on adjacent to the surfeces of the pinch seal portions 104b

with which the pinch seal portions 104b are joined to the tungsten electrodes 106. The

large compressive stress causes a cradc ofthe arc-tube body 104 to occur during use ofthe

10 arc tube. Thus, a leak occurs between the discharge space 102 and the external space.

Therefore, there arises a problem in that the life of the conventional arc tube is

unsatisfactorily short.

In view ofthe foregoing, an object ofthe present invention is to provide an arc

tube which is capable of preventing occurrence of a leak caused from a crack ofthe arc-

1 5 tube body so as to prolong the life ofthe arc tube, and a manufacturing method therefor.

SUMMARYOF TFTE TNVENTTON

The present invention is arranged to improve the smoothness ofthe surfeces ofthe

tungsten electrodes to achieve the foregoing object.

That is, according to one aspect ofthe present invention, there is provided an arc

20 tube comprising: an arc-tube body which incorporates a light-emission tube arranged to

form a discharge space and having pinch seal portions formed onthetwo sides thereofand

which is made of quartz glass; and a pair oftungsten electrodes pinch-sealed to the pinch

seal portions such that the leading ends ofthe pair oftungsten electrodes project into the

discharge space, wherein
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average roughness ofthe surfece of each ofthe tungsten electrodes is set to be 3

\xm or smaller.

According to another aspect ofthe present invention, there is pnavided a method

of manufecturing an arc tube incorporating an arc-tube body which incorporates a light-

emission tube arranged to form a discharge space and having pinch seal portions formed

on the two sides thereof and which is made of quartz glass; and a pair of tungsten

electrodes pinch-sealed to the pinch seal portions such that the leading ends ofthe pair of

tungsten electrodes project into the discharge space, the method ofmanufacturing an arc

tube comprising the steps of inserting and disposing a tungsten electrode to portions ofa

quartz glass tube in which pinch seal portions are formed; and pinch-sealuig the portions in

which the pinch seal portions are formed in a state where the portions in which the pinch

seal portions are formed are heated to 2000°C or higher so that each pinch seal portion is

formed.

The "tungsten electrode" may be made ofpure tungsten or a material to which the

other components are added in a case where the main component ofthe base material of

the tungsten electrode is tungsten.

The "surfaces ofthe tungsten electrodes" must include the surfaces ofthe portions

which are pinch-sealed to the pinch seal portions. Therefore, the "surfaces of the

tungsten electrodes" are not required to be the overall surfaces.

The arc tube according to the present invention and having the above-mentioned

stmcture arranged such that the pair oftungsten electrodes are pinch-sealed to the pinch

seal portions formed on the two sides ofthe light emission tube ofthe arc-tube body such

that the leading ends of the pair oftungsten electrodes project into the discharge space.

Each ofthe tungsten electrodes has the surfaces exhibiting excellent smoothness such that



the average roughness ofthe surface ofeach ofthe tungsten electrodes is 3 |am or smaller.

Therefore, the following operations and effects are obtained.

That is, when the tungsten electrodes are pinch-sealed to the pinch seal portions,

the two elements are engaged to each other with small pits and projections. Therefore, a

problem experienced with the conventional structure due to an undesirable great

compressive stress left in the surfaces ofthe pinch seal portions in which the pinch seal

portions arejoined to the tungsten electrodes canbe prevented.

Therefore, when a crack of the arc-tube body occurs owing to the residual

compressive stress during use ofthe arc tube^ the crack is limited to a local portion, which

is a region adjacent to the joining surfece. That is, the crack is not enlarged to reach the

surfece of the aro-tube body. As a result, occurrence of a leak between the discharge

space and the external space can be prevented.

Therefore, the arc tube according to the present invention arranged to prevent a

leak occumng due to a crack ofthe aro-tube body enables its life to be prolonged.

According to another aspect ofthe present invention, there is provided a method

of manufecturing an arc tube incorporating an arc-tube body which incorporates a light-

emission tube arranged to form a discharge space and having pinch seal portions formed

on the two sides thereof and which is made of quartz glass; and a pair of tungsten

electrodes pinch-sealed to the pinch seal portions such that the leading ends ofthe pair of

tungsten electrodes project into the discharge space, the method ofmanufacturing an arc

tube comprising the steps of inserting and disposing a tungsten electnDde, arranged such

that the mean surface roughness is 3 [xm or smaller, into portions ofa quartz glass tube in

which pinch seal portions are fonmed; and pinch-sealing the portions in which the pinch

seal portions are formed in a state where the portions in which the pinch seal portions are



formed are heated to 2000°C or higher so that each pinch seal portion is formed.

Therefore, the following operation and effect can be obtained.

That is, when the tungsten electrodes are pinch-sealed to the pinch seal portions,

thetwo elements are engaged to each other with small pits and projections. Therefore, a

5 problem experienced with the conventional structure due to the undesirable great

compressive stress left in the surfeces ofthe pinch seal portions in which the pinch seal

portions arejoined to the tungsten electrodes can be prevented.

Therefore, when a crack of the arc-tube body occurs owing to the residual

compressive stress during use ofthe arc tube, the crack is limited to a local portion, which

10 is a region adjacent to the joining surface. That is, the crack is not enlarged to reach the

surface of the arc-tube body. As a result, occurrence of a leak between the discharge

space and the external space can be prevented.

The portions in which the pinch seal portions are formed are heated to a high

temperature of 2000°C or higher when a pinch sealing operation is performed.

15 Therefore, the bonding strength between the tungsten electrodes and the pinch seal

portions can be increased. Therefore, small compressive stress is left in a wide range in a

region adjacent to the joining suiifeces between the pinch seal portions and the tungsten

electrodes.

Therefore, the crack of the arc-tube body occurring during use of the arc tube

20 owing to the residual compressive stress is uniformly distributed in the region adjacent to

the joining surface. Therefore, extension ofthe crack to the other portion can effectively

be prevented. As a result, occurrence of a leak between the discharge space and the

external space can finthermore reliably be prevented.

Therefore, employment ofthe method ofmanufacturing an arc tube according to

25 the present invention enables the life ofthe arc tube to fiirthermore be prolonged.
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BRIEFDESCRTPTTON OFTHE T>RAWTNOS

Fig. 1 is a side cross sectional view showing a discharge bulb which includes an

arc tube according to an embodiment ofthe present invention.

Fig. 2 is an enlarged view showing the portion II shown in Fig. 1

.

5 Fig. 3 is an oilarged view showing the portion EI shown in Fig. 2.

Fig. 4 is a diagram showing a pinch sealing process, according to an embodiment

of the present invention, for pinch-sealing a tungsten electrode to a portion of a quartz

glass tube in which the pinch seal portion is formed.

Fig. 5 is a diagram showing a conventional example ofan arc tube.

10 Fig. 6 is an enlarged view showing the portion VI shown in Fig. 5.

DETAn^ED DESCEttPTIONOFTHE TNVENTTON

Referring the drawings, an embocUment of the present invention will now be

described.

Fig. 1 is a side cross sectional view showmg a discharge bulb 10 in which an arc

1 5 tube according to this embodiment is included. Fig. 2 is an enlarged view ofthe portion

n.

As shown in Figs. 1 and 2, the discharge bulb 10 is a light source bulb which is

mounted on a headlight ofa vehicle. The discharge bulb 10 incorporates an arc-tube unit

12 extending in the lengthwise direction and an insulating-plug unit 14 for securing and

20 supporting the rear end ofthe arc-tube unit 12.

The arc-tube unit 12 is constituted by integrally forming an arc tube 16 and a

shroud lube 18 surrounding the arc tube 16.
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The arc tube 16 is constituted by an arc-tube body 20 obtained by machining a

quartz glass tube and a pair offront and rear electrode assemblies 22A and 22B embedded

in the arc-tube body 20.

The arc-tube body 20 has a light-emission tube 20a formed in the central portion

5 thereoi^ the light-emission tube 20a being formed into substantially an elliptic shape.

Moreover, pinch seal portions 20b 1 and 20b2 are formed at the front and rear portions of

the light-emission tube 20a. A substantially elliptic-shape discharge space 24 extends

lengthwise m the light-emission tube 20a Xenon gas and a metal halide are enclosed in

the discharge space 24.

10 The electrode assemblies 22A and 22B have stmctures such that rod-shape

tungsten electrodes 26A and 26B and lead wires 28A and 28B are connected and secured

to one another through molybdenum foil members 30A and 30B. The electrode

assemblies 22A and 22B are pinch-sealed to the aro-tube body 20 in the pinch seal

portions 20bl and 20b2. The molybdenum foil members 30A and SOB are completely

15 embedded in the pinch seal portions 20b 1 and 20b2. The tungsten electrodes 26A and

26B project into the discharge space 24 such that their leading ends are opposite to each

other in the lengthwise direction

Each of the tungsten electrodes 26A and 26B is constituted such that treated

tungsten (tungsten to which thorium oxide is doped by several %) is the base material.

20 Each of outer surfeces 26Aa and 26Ba of the tungsten elecfrodes 26A and 26B is

subjected to a strong electrolytic polishing process. Thus, the arithmetical mean

deviation of profile Ra of each ofthe outo" surfaces 26Aa and 26Ba is 3 mm or smaller

(note that the cut-oflfvalue Xc = 0.8 mm and the evaluated length In = 4 mm). Leading

end sur&ces 26Ab and 26Bb ofthe tungsten electrodes 26A and 26B are barrel-polished.
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The comer R of each ofthe leading end surfeces 26Ab and 26Bb is about 0.04 mm to

about 0.06 mm to obtain a satisfactory discharge characteristic.

Fig. 3 is an enlarged view ofthe portion HI shown in Fig. 2 to illustrate a state of

the surface with which the tungsten electrode 26B and the pinch seal portion 20b2 are

5 joined to each other after the discharge bulb 10 has been tumed on/off several times.

Also the surface ofjoining between the other tungsten ela±-ode 26A and the pinch seal

portion 20b 1 realizes a similar state.

As shown in Fig. 3, the arithmetical mean deviation of profile Ra of the outer

surface 26Ba is made to be 3 mm or smaller. Therefore, when the tungsten electrode

10 26B has been pinch-sealed to the pinch seal portion 20b2, the two element are engaged to

each other with small pits and projections. Hence it follows that undesirable retention of

great compressive stress in a region adjacent to the joint surface between the pinch seal

portion and the tungsten electrode experienced with the conventional stmcture can be

prevented.

15 Therefore, when a crack ofthe arc-tube body 20 occurs during use ofthe arc tube

16 owing to the residual compressive stress, the crack is limited to a local portion, which is

the region adjacent to the joining surface. That is, a crack of a type that quartz glass is

finely broken occurs in a dashed-line regionA shown in Fig. 2. A mirror-shape interface

B as indicated with an alternate long and two short dashes line is formed in the pinch seal

20 portion 20b2. Therefore, formation ofa great crack which reaches the surfece ofthe arc-

tube body 20 can be prevented. As a result, occurrence ofa leak between the discharge

space 24 and the external space can be prevented.

Fig. 4 is a diagram sho\\Tng a pinch-sealing step for pinch-sealing the tungsten

electrode 26B to a portion 20b2' of a quartz glass tube 20' in which the pinch seal is

25 formed.



Initially, as shown in Fig. 4 (a), a state is realized in which the electrode assembly

22B is inserted into a predetemiined position from a posation lower than the quartz glass

tube 20' which is formed into the arc-tube body 20 having the light-emission tube 20a.

Then, the lower end ofthe portion 20b2' in which the pinch seal is formed is heated by a

5 burner 2. Thus^ as shown in Fig. 4 (b), a temporal pincher 4 is operated to temporarily

pinch-seal the electrode assembly 22B to the forgoing lower end.

Then, as shown in Fig. 4 (c), the portion 20b2' in which the pinch seal is formed is

heated to 2000°C or higher (preferably 2100°C to 2200°C) by a burner 6. In the

forgoing state, as shown in Fig. 4 (d), a main pinch-sealing process is performed so that

10 the electrode assembly 22B is pinch-sealed to the portion 20b2' in which the pinch seal is

formed by oper^g amain pincher 8. Thus, the pinch seal portion 20b2 is formed.

Thus, the portion 20b2' in which the pinch seal is formed is heated at a high

temperature of 2000°C or higher when the main pinch sealing of the portion 20b2' in

which the pinch seal is formed is performed. Therefore, the bonding strength between

15 the tungsten electrode 26B and the pinch seal portion 20b2 ofthe electrode assembly 22B

can be increased. As a result, small compressive stress is uniformly left in a wide range

in the region adjacent to the joint surface between the pinch seal portion 20b2 and the

tungsten electrode 26B.

Therefore, the cracks ofthe arc-tube body 20 occurring during use ofthe arc tube

20 16 owing to the residual compressive stress is substantially uniformly distributed in the

region adjacent to the joint surface. The above-mentioned mirror-shape interface can

easily be fonned. Moreover, extension ofthe crack to the other portion can effectively

be prevented. Therefore, occurrence of a leak between the discharge space 24 and the

external space can fiirthermore reliably be prevented.
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Table 1 shows the relationship between the surface roughness (the arithmetical

mean deviation of profile Ra) ofthe outer surfece ofthe tungsten electrode and the life

(mean life Tc and initial defect generation time B3) ofthe arc tube. Table 2 shows the

relationship between tlie temperature t to which the portion in which the pinch seal is

formed when the main pinch sealing process is performed is heated and the life ofthe arc

tube (mean life Tc and initial defect generation time B3).
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As can be understood from Table 1, the above-mentioned setting that

the arithmetical mean deviation of profile Ra is 3 |im or smaller enables the

mean life to be about 2000 hours or longer. As can be understood from

Table 2, the temperature t to which the portion in which the pinch seal

5 portion is formed is made to be 2000°C or higher when the main pinch

sealing process is performed. Thus, a mean life of about 2000 hours or

longer can be realized.

Note that the mean life Tc shown in the two tables is time at which

63.2 % of all of the samples encounters problems (the arc tube cannot be

10 turned on). Initial defect generation time B3 is time at which 3 % of all of

the samples encounters problems (the arc tube cannot be turned on). When

also the mean life Tc is used, dispersion ofthe life can be detected.

As described above, the arc tube 16 according to the embodiment

incorporates the tungsten electrodes 26A and 26B pinch-sealed to the pinch

15 seal portions 20b 1 and 20b2 on the two sides of the light-emission tube 20a

of the arc-tube body 20. The tungsten electrodes 26A and 26B exhibit

excellent surface smoothness such that the arithmetical mean deviation of

profile Ra of each of the outer surfaces 26Aa and 26Ba is 3 \xm or smaller.

When the tungsten electrodes 26A and 26B have been pinch-sealed to the

20 pinch seal portions 20b 1 and 20b2, the two elements are engaged to each

other with small pits and projections. As a result, retention of great

compressive stress in the region adjacent to the joint surface between the

pinch seal portions 20b 1 and 20b2 and the tungsten electrodes 26A and 26B

can be prevented.
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Therefore, when a crack of the arc-tube body 20 occurs during use of

the arc tube 16 owing to the residual compressive stress, the crack is limited

to a local portion which is the region adjacent to the joint surface. That is,

the crack is not enlarged to reach the surface of the arc-tube body 20. As a

5 resuh, occurrence of a leak between the discharge space 24 and the external

space can be prevented. Hence it follows that the life of the arc tube 16 can

be prolonged.

In this embodiment, the pinch sealing process is performed in a state

where the portion 20b2' of the quartz glass tube 20' in which the pinch seal

1 0 is formed is heated to 2000°C or higher so that the pinch seal portion 20b2 is

formed. Therefore, the bonding strength between the tungsten electrode

26B and the pinch seal portion 20b2 is increased. As a result, small

compressive stress is substantially uniformly left in a wide range in a region

adjacent to the joint surface between the pinch seal portion 20b2 and the

15 tungsten electrode 26B. The foregoing also applies to the region adjacent

to the joint surface between the pinch seal portion 20b 1 and the tungsten

electrode 26A.

Therefore, the crack of the arc-tube body 20 occurring during use of

the arc tube 16 owing to the residual compressive stress is substantially

20 uniformly distributed in the region adjacent to the joint surface. Therefore,

extension of the crack to the other portion can effectively be prevented.

Thus, occurrence of a leak between the discharge space 24 and the external

space can furthermore reliably be prevented. Hence it follows that the life

of the arc tube 16 can be prolonged.
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In this embodiment, the lower end of the portion 20b2' in which the

pinch seal is formed is heated (refer to Fig. 4 (a)) by the burner 2 prior to

performing the temporal pinch sealing operation shown in Fig. 4 (b). The

foregoing heating process does not directly concern the bonding strength

between the tungsten electrode 26B and the pinch seal portion 20b2.

Therefore, no description has been made about the temperature to which the

lower end must be heated. As a matter or course, the temperature may be

2000°C or higher similarly to the main pinch sealing process.

In this embodiment, the arithmetical mean deviation of profile Ra of

the outer surfaces 26Aa and 26Ba of the tungsten electrodes 26A and 26B is

made to be 3 ^m or smaller. Moreover, the portion 20b2' in which the

pinch seal is formed is heated to 2000°C or higher when the main pinch

sealing process is performed. As can be understood from Tables 1 and 2, it

is preferable that the arithmetical mean deviation of profile Ra is 2 mm or

smaller. Moreover, it is preferable that the temperature is made to be

2100°C or higher. In the foregoing case, the life of the arc tube 16 can

furthermore be prolonged.

In this embodiment, the arc tube is the arc tube 16 for a discharge

bulb 10 which is mounted on a headlight of a vehicle. As a matter of

course, the arc tube according to this embodiment may be applied to another

purpose.
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WHAT TS CLAIMED IS :

1 . An arc tube comprising:

an arc-tube body which incorporates a light-emission tube having a

discharge space and pinch seal portions formed on two sides of said

discharge space, said tube being made of a quartz glass; and

5 a pair of tungsten electrodes pinch-sealed to said pinch seal portions,

respectively, such that leading ends of said . pair of tungsten electrodes

project into said discharge space, wherein

average roughness of a surface of each of said tungsten electrodes is

3 \xm or smaller.

2. The method of manufacturing an arc tube as claimed in claim

1, wherein said tungsten electrode is subjected to a strong electroytic

polishing process.

5

3. A method of manufacturing an arc tube, the arc tube

including an arc-tube body, which incorporates a light-emission tube

arranged to form a discharge space and has pinch seal portions formed on

two sides thereof, the tube being made of quartz glass, and a pair of tungsten

10 electrodes pinch-sealed to the pinch seal portions such that leading ends of

the pair of tungsten electrodes project into the discharge space, said

manufacturing method comprising:
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inserting and disposing the tungsten electrodes, which have an

average surface roughness of 3 |a.m or smaller, into portions of the tube in

which the pinch seal portions are formed; and

pinch-sealing the portions ofthe tube at a temperature equal to or

greater than 2000°C, thereby forming the pinch seal portions.

4. The arc tube as claimed in claim 1, wherein the average

roughness is 2 ^.m or smaller.

5. The method of manufacturing an arc tube as claimed in claim

3, wherein the temperature at which the pinch seal portions are formed is

equal to or greater than 21 00°C.
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ABSTRACT OF THF, DTSCT OSTTRF

An arc tube, which is capable of prolonging the life thereof by

preventing occurrence of a leak caused from a crack of an arc-tube body, has

the average surface roughness of each of outer surfaces 26Aa and 26Ba of

5 tungsten electrodes 26A and 26B pinch-sealed to pinch seal portions 20b 1

and 20b2 on the two sides of a light-emission tube 20a of an arc-tube body

20 is set to be 3 \im or smaller. Thus, the state of pinch-sealing of the

tungsten electrodes 26A and 26B to the pinch seal portions 20b 1 and 20b2 is

brought to a state in which the two elements are engaged with small pits and

10 projections. Therefore, great compressive stress is not left in the region

adjacent to the joint surface between the pinch seal portions 20b 1 and 20b2

and the tungsten electrodes 26A and 26B as distinct from the conventional

structure. In a case where a crack of the arc-tube body 20 is formed owing

to the residual compressive stress, the crack is limited to a local portion

15 which is the region adjacent to the joint surface. As a result, the crack is

not enlarged to reach the surface ofthe arc-tube body 20.

18
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acknowledge the duty to disclose any material information which is
material to patentability as defined in Title 37, Code of Federal
Regulations, Section 1.56 which became available between the
filing date of the prior application and the national or PCT
International filing date of this application:

(Application No.) (Filing Date)

(ttJSB)

(Application No.)

(tiiK#-§-)
(Filing Date)

(ttlSB)

(Status: Patented, Pending, Abandoned)

(Status: Patented, Pending, AbandonedT

I hereby declare that ail statements made herein of my own
knowledge are true and that all statements made on information
and belief are believed to be true; and further that these
statements were made with the knowledge that willful false
statements and the like so made are punishable by fine or
impnsonment, or both, under Section 1001 of Title 18 of the
United States Code and that such willful false statements may
jeopardize the validity of the application or any patent issued
thereon.
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Japanese Language Declaration

^{iik: TKlcD|&fiJ#irL-C. 5|stilMicM-t5-5!J© POWER OF ATTORMPY- A= =. n=^^^ i„ * , i. u

^&xi^k^%^m^cD-t)
x«^-taA«R: prosecute this application and transact all business in the

Patent and Trademark Office connected therewith {list

name and registration number)

9l^"Q?"n
18,879; Thomas J. Macpeak, Reg. No. 19,292; Robert J. Seas Jr Reg No

?1^'^^^^''^f'
23.063; Robert V. Sloan, Reg. No. 22,775; Peter D. OteS' Ref' No

24 «J? ilrn K '^'f'
5"^- ^^^'i^" B^^^t, Reg. No. 24 861 Louis GubinS., rJ No

?fi 9?^; ^ni^H /T^' ?^^T-
25,200; David J. Gushing, Reg. No. 28,703; John R. Inge; Ref No

'

26,916, Joseph J;^Ruch, Jr., Reg. No. 26,577; Sheldon I. Landsman, Reg. No. 25 430 Richard CTurner Reg^ No 29,710; Howard L. Bernstein, Reg. No. 25,665; Alan J. Kasper Reg No 25 426

^

Kenneth J^Burchfiel, Reg. No. 31,333; Gordon Kit, Reg. No. 30,764; Susan J Mack r£ No 30 95?^

laTje sfntt^M^n' ^T'
''"^^ Boland, Reg. No.'32,i97; William H MaSdi^, Reg! No

Nr^ %Ti7fS^^^^^' 5^^- ^^S- No. 32,778; Abraham J Rfsner
R^f" N ?o'?J?' J^K^'t ^l^"^^''

^^S- 33,725; Paul F. Neils, Reg. No. 33,102, Brett S. SylvesterReg. No. 32,765, Robert M. Masters, Reg. No. 35,603 and George F. Lehnigk, Reg. No. 36,359

mmi^H9u: Send Correspondence to:

SUGHRUE, MION, ZINN, MACPEAK 85 SEAS, PLLC
2100 Pennsylvania Avenue, N.W., Washington, D.C.' 20037-3202

&»;^I/mig#^) Direct Telephone Calls to: (name and telephone number)

(202)293-7060

Full name of sole or first inventor

Shinichi IRISAWA
Inventor's signature oate

SzfAtUcXC KjD/vUcm^
J^"^ 8' 2000

Wm '

'

—
Residence

Shizuoka, Japan
SIS

Citizenship

Japan
Post office address

c/o Koito Manufacturing Co., Ltd.,

Shizuoka Works, 500, Kitawaki,
Shimizu-shi, Shizuoka, Japan

Full name of second joint inventor, if any
~

Yoshitaka OHSHIMA

Wm~ ~

Sepond inventor'^ signature Date

^^HmtdJijx. Gm^f^Cy>m jViVLG 8, 2000
Kesidence

Shizuoka, Japan
mm

Citizenship

Japan
Post office address

c/o Koito Manufacturing Co., Ltd.,

Shizuoka Works, 500, Kitawaki,
Shimizu-shi, Shizuoka, Japan

'V^Ti^^iclBgcL.g^^-rs-i:,) (Supply similar information and signature
subsequent joint inventors.)
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